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DESCRIPTION 

PQ LYURK T HANK RLASTIC - J lXBEE-MQIimQ YEM, FABRIC AND ITS PRO DUCTION 
Jdi D SYNTHETIC LEATHER USING THE SAME 

TECHNTHAT. PyRLP 

The present invention relates to a polyurethane elastic 
fiber nonwoven fabric wherein polyurethane elastic fiber 
filaments are mutually fused and bonded and its production, and 
a synthetic leather using the polyurethane elastic fiber nonwoven 
fabric and. more particularly, to a polyurethane elastic fiber 
nonwoven fabric having excellent stretchability and high tear 
strength and its production, and a synthetic leather using the 
polyurethane elastic fiber nonwoven fabric. 

BACKflPnTTMp fiff-p 

Among polyurethane elastic fiber nonwoven fabrics made of 
polyurethane elastic fiber filaments, a polyurethane elastic 
fiber nonwoven fabric produced by a so-called "melt-blow spinning 
method" has hitherto been used in the fields where comparatively 
good conformability to the movement of human body is required (for 
example, side band of paper diaper, base fabric of emergency 
adhesive plaster, disposable glove, etc.) or the fields where 
comparatively soft stretchability is required (outer wear fields , 
for example, sport clothes, stretchable cotton pad. etc. ) because 
of excellent stretchability, flexibility and permeability. 
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Japanese Unexamined Patent Publication No. 6-293117 
discloses that a synthetic leather having excellent 
stretchability is obtained by using this kind of a polyurethane 
elastic fiber nonwoven fabric as a base material for synthetic 
leather, and also suggests to use such a synthetic leather as 
materials of shoes, bags, pouches, furnitures, interiors, car 
sheets , and clothes . 

However, since such a polyurethane elastic fiber nonwoven 
fabric has excellent stretchability and flexibility, as described 
above, but generally has small tear strength, sufficient tear 
strength as one of important basic physical properties of the 
synthetic leather can not be attained when used as a base material 
of the synthetic leather. Depending on the purposes of the 
synthetic leather, products suited for practical use can not be 
obtained. 

Thus, an object of the present invention is to provide a 
polyurethane elastic fiber nonwoven fabric having both excellent 
stretchability and high tear strength and its production, and a 
synthetic leather using the polyurethane elastic fiber nonwoven 
fabric. 

DISCLOSURE OF TH E TNVRMTTnM 

To solve the problems described above. the present 
invention provides a polyurethane elastic fiber nonwoven fabric 
comprising polyurethane elastic fiber filaments which are 



mutually fused and bonded, wherein a tensile elongation is not 

less than 100%. a recovery at 50% elongation is not less than 75%. 

and a tear strength per basis weight is not less than 5. 5 gf , which 

is produced by dehydrating a thermoplastic polyurethane elastomer 

having a Shore A hardness of not less than 92. thereby to reduce 

a moisture content to 150 ppm or less, melt-spinning the 

thermoplastic polyurethane elastomer, scattering the resulting 

polyurethane filaments through a high-speed air flow, and 

depositing and laminating the filaments in a sheet form at a 

temperature which is 35 lower than the Vicat softening 
temperature . 

As described above . the polyurethane elastic fiber nonwoven 
fabric of the present invention is basically produced by a 
melt -blow spinning method. A general procedure of the melt -blow 
spinning method will now be described simply below. That is. the 
melt -blow spinning method is characterized by feeding a molten 
thermoplastic polymer to nozzle holes arranged in a line, 
continuously extruding the molten polymer through the nozzle 
holes, blowing off a high -temperature gas from slits arranged at 
both sides of the group of nozzles at high speed, thinning and 
solidifying the polymer extruded through the nozzle holes by means 
of gas energy to form continuous filaments, depositing and 
laminating the group of the continuous filaments on a moving 
conveyor net, and mutually bonding the filaments due to self- 
bonding properties of the filaments themselves. 



The first feature of the present invention is that the 
strength of the filaments obtained by melt spinning is enhanced 
by using a hard thermoplastic polyurethane having a Shore A 
hardness of not less than 92 as a thermoplastic polymer. The Shore 
A hardness means a standard of the hardness of a comparatively 
soft substance and is represented by a value within a range from 
0 to 100. On the other hand, the hardness of a comparatively hard 
urethane is represented by a Shore D hardness. A thermoplastic 
polyurethane, which can be produced industrially at present, is 
a product having the hardness within a range from a Shore A hardness 
of about 70 to a Shore D hardness of about 75. Accordingly, the 
"thermoplastic polyurethane having a Shore A hardness of not less 
than 92" in the present invention means a thermoplastic 
polyurethane, the upper hardness limit of which is up to a Shore 
D hardness of about 75. 

A general thermoplastic urethane is produced by reacting 
a comparatively high-molecular polyol component which forms a 
soft segment moiety, and a low-molecular diol and a diisocyanate 
compound which form a hard segment moiety. The thermoplastic 
polyurethane having a Shore A hardness of not less than 92 used 
in the present invention is a polyurethane containing the hard 
segment moiety in comparatively large amount and those wherein 
the nitrogen content, which is a standard of the hardness, in the 
polymer is nearly not less than 4% by weight correspond to the 
thermoplastic polyurethane. 
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Although the soft segment component of the polyurethane 
Includes. for example, polyetherdiol, polyesterslol and 

polycarbonatediol components, any component may be used in the 

present invention . Although the diisocyanate compound includes . 

for example. aromatic compounds, typically. 4,4'- 

diphenylmethane diisocyanate (MDI) and aliphatic diisocyanates . 

typically, hexamethylene diisocyanate. any compound can be used 

in the present invention. 

If necessary, additives for polymer, for example, hindered 

phenol antioxidant and various amine antioxidants; benzotriazole 

ultraviolet absorber and hindered amine ultraviolet absorber; 

smoothing agents such as amide wax and montanoic acid wax; thermal 

decomposition inhibitors such as various carbodiimide compounds; 

various pigments such as titanixim oxide and red iron oxide; and 

gas yellowing inhibitors may be added. 

Although the method of polymerizing a polymer includes , for 

example, various methods such as continuous melt polymerization 
method, vat curing method, belt method and kneader method, any 
polymerization method may be used in the present invention. 

Although the hardness of the thermoplastic polyurethane 
basically depends on the mixing ratio of the respective components 
described above, the hardness varies with the ratio of the hard 
segment moiety to the soft segment moiety, the length of the hard 
segment moiety, and the state of phase separation. The 
thermoplastic polyurethane used in the present invention is 



preferably a polyurethane wherein the hard segment moiety is long 
and is contained in a large amount and also the Vicat softening 
temperature is high. Specifically, as described above, a 
thermoplastic polyurethane having the Shore A hardness of not less 
than 92 and the Vicat softening temperature of not lower than 120t;^ 
is preferably used. 

The second feature of the present invention is that the 
thermoplastic polyurethane is dehydrated, thereby to reduce the 
moisture content to 150 ppm or less, preferably 110 ppm or less, 
more preferably 70 ppm or less, and molten before melt -blow 
spinning. The reason is as follows. 

The "hard thermoplastic polyurethane having the Shore A 
hardness of not less than 92" used in the present invention has 
such characteristics that the melting point is higher than that 
of the thermoplastic polyurethane used in a conventional 
melt -blow nonwoven fabric and the melt density is drastically high. 
For example, the melt viscosity measured at 190 of the 
thermoplastic polyurethane having the Shore A hardness of 8 5 is 
within a range from about 5,000 to 50,000 poise, whereas, the melt 
viscosity of the thermoplastic polyurethane used in the present 
invention is within a range from 100,000 to 1,000,000. 

By the way, since the molten polymer is drawn to a proper 
fiber diameter by a heating air in the melt-blow spinning process , 
the melt viscosity on extrusion through a nozzle must be 
drastically reduced regardless of the composition of the 



polyure thane . Accordingly, although the thermoplastic 

polyurethane having high viscosity used in the present invention 
must be spun at very high temperature in case of the melt -blow 
spinning, the thermoplastic polyurethane is thermally decomposed, 
vigorously, when it is molten at high temperature. It is well 
known that an urethane bond is thermally decomposed, vigorously, 
when the temperature exceeds 230t:, When the melt-blow spinning 
of the thermoplastic polyurethane is carried out under conditions 
of vigorous thermal decomposition, the molten polymer extruded 
through the nozzle foams, thus making it impossible to form a 
filament, in the worst case. 

Under the conditions of comparatively less thermal 
decomposition, a nonwoven fabric can be obtained without causing 
yarn breakage, but the resulting nonwoven fabric has poor 
mechanical properties because of reduction of the tensile 
strength. The cause for deterioration of mechanical properties 
is deemed as follows. That is, the thermoplastic polyurethane 
chemically changes during melting, thereby to reduce the 
molecular weight or to cause insufficient crystallization and 
rearrangement of the hard segment moiety after formation of the 
filament. 

Thus, according to the present invention, the above- 
described adverse influence exerted as a result of the use of the 
high-hardness polymer can be reduced to the minimum by reducing 
the moisture content of the thermoplastic polyurethane to 150 ppm 
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or less, preferably lio ppm or less, more preferably 70 ppm or 
less, before melt -blow spinning. 

The third feature of the present invention is that filaments 
are deposited and laminated in a sheet form at a temperature which 
is 35V lower than the Vicat softening temperature. The reason 
is as follows. 

The pol3rurethane elastic fiber nonwoven fabric, which is 
obtained by melt-blow spinning of the thermoplastic polyurethane 
used in the present invention, presented such a phenomenon that 
mutual bonding of the filaments exerts an influence not only on 
the tensile strength, but also on the tear strength. Enhancement 
of a mutual bonding force between the filaments usually increases 
the tensile strength, while decreases the tear strength, though 
any polyurethane elastic fiber nonwoven fabric does not always 
behave in the manner described above. Therefore, it becomes 
necessary to optimize the mutual bonding force between the 
filaments to obtain a nonwoven fabric having good balance between 
the tensile strength and the tear strength. 

The most effective method of controlling the mutual bonding 
force between the filaments is to control the depositing point 
temperature of the filaments in case the molten polymer extruded 
through the nozzle is deposited and laminated on the conveyor net 
while thinning and cooling by a high- temperature gas flow. This 
depositing point temperature varies with the melting temperature, 
the temperature of the high- temperature gas. or the flow rate. 
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and the condition capable of exerting a largest influence on the 
depositing temperature is a distance between the nozzle and the 
conveyor net. If other conditions are the same, the depositing 
point temperature of the filaments decreases when the distance 
between the nozzle and the conveyor net increases. Suction of 
the heating air under the conveyor net is also an important 
condition to control the depositing point temperature of the 
filaments . The larger the suction amount of the heating air under 
the conveyor net. the more the depositing point temperature of 
the filaments decreases. The suction amount is preferably set 
to an amount which is two times, more preferably three times, 
larger than the flow rate of the heating air. 

The depositing point temperature can be set by using the 
Vicat softening temperature of the urethane polymer as the 
standard. In case the filaments are deposited in the state where 
the temperature is higher than the Vicat softening temperature, 
a film- like nonwoven fabric is obtained because of insufficient 
solidification of the filaments . In case the filaments are cooled 
to the temperature lower than the Vicat softening temperature, 
the mutual bonding force between the filaments is reduced 
virtually in proportion to a difference between the temperature 
and the Vicat softening temperature. 

Accordingly, according to the present invention, high tear 
strength of not less than 5.5 gf is attained in place of reducing 
the tensile strength to some degree by depositing and laminating 
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the filaments after cooling to the temperature so that a 
difference in temperature becomes higher than 35^:. it becomes 
possible to further enhance the tear strength by subjecting to 
various treatments such as lamination, softening, heat treatment, 
embossing and the like. 

As described above, the nonwoven fabric having high tear 
strength of the present invention can be obtained by the method 
of subjecting a high-hardness polyure thane to melt -blow spinning 
in the state where a chemical change is reduced to the minimum, 
thereby to comparatively reduce the bonding force of filaments 
on deposition and to maintain large degree of freedom of the 
filaments, which constitute the nonwoven fabric. The reason why 
the tear strength is enhanced by maintaining large degree of 
freedom of the filaments is deemed as follows. That is, since 
a lot of filaments participate in the portion to be broken, 
one-point concentration of stress does not occur. 

The fiber diameter of the filaments, which constitute the 
polyurethane elastic nonwoven fabric of the present invention, 
is preferably within a range from about 5 to 50 /im. The smaller, 
the fiber diameter, the more flexible the resulting nonwoven 
fabric becomes. When the fiber diameter is smaller than 5 (i 
m, the tear strength is reduced. 

The polyurethane elastic nonwoven fabric of the present 
invention can realize a synthetic leather having both excellent 
stretchability and high tear strength, wherein a tensile 
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elongation is not less than 100%, a recovery at 50% elongation 
is not less than 75%, and a tear strength per basis weight is not 
less than 2.5 gf , preferably not less than 3.0 gf , by laminating 
a skin layer made of an urethane elastomer onto the surf ace of 
the polyurethane elastic nonwoven fabric as a base material. The 
basis weight of the nonwoven fabric is usually within a range from 
about 25 to 500 g/m\ but is preferably from about 50 to 400 g/m^' 
when used as the base material of the synthetic leather. 

A conventional synthetic leather has a structure wherein 
a skin layer made of a polyurethane is laminated onto a woven 
knitted fabric or nonwoven fabric made of non-stretchable fibers, 
and such a synthetic leather is mainly produced by two kinds of 
methods. The first method is a wet method of regenerating an 
urethane layer in water from an urethane solution coated on a fiber 
layer as a base material, while the second method is a dry method, 
typically a method of coating a skin layer produced in a separate 
step with an adhesive and laminating the coated skin layer onto 
a fiber layer as a base material . Among these two kinds of methods , 
the dry method is suited for the method of producing the synthetic 
leather of the present invention. The synthetic leather produced 
by the dry method generally has such a structure that a 
polyurethane surface layer having a thickness within a range from 
about 10 to 70 Um is firmly bonded onto a fiber base material 
having a thickness within a range from about 0 . 3 to 1 . 5 mm via 
an adhesive layer having a thickness within a range from about 
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20 to 150 flm. 

The skin layer used in the synthetic leather of the present 
invention can be produced by the method of coating a crested 
release paper with an urethane resin solution for skin and drying 
the urethane resin solution in a dry oven or the method of drying 
and solidifying a slurry solution or dispersion of a polyurethane 
resin for skin to form a sponge- like skin. 

To bond the polyurethane elastic fiber nonwoven fabric as 
the base material with the skin layer, adhesive solutions composed 
mainly of a polyurethane resin having reactivity, a crosslinking 
agent, and a reaction accelerator, which are generally used, can 
be used. Among these adhesive solutions, an adhesive solution 
using only a polar solvent capable of remarkably dissolving an 
urethane such as N.N-dimethylf ormamide (DMF). N,N- 
dimethylacetamide (DMAc) or the like is not preferred because it 
easily dissolves the urethane elastic fiber nonwoven fabric of 
the present invention. 

In the present invention, an aqueous adhesive which does 
not dissolve an urethane, an adhesive solution using a solvent 
(e.g. methyl ethyl ketone (MEK) . toluene, etc.) which does not 
dissolve an urethane but swells the urethane, or an adhesive 
solution using a mixed solvent of these solvents and DMF or DMAc 
is preferred. An urethane hot -melt adhesive capable of bonding 
without using any solvent is particularly preferred in the present 
invention. Although the hot-melt adhesive is roughly classified 
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into a spray type adhesive which is coated to the adhesive portion 
in a molten state and is capable of bonding until the adhesive 
is solidified, and the other type adhesive which is molten and 
bonded with heating after interposing a solid adhesive in a state 
of a nonwoven fabric, any type may be employed. 

With respect to the synthetic leather of the present 
invention, the skin layer may be bonded after physical properties 
of the nonwoven fabric were improved by subjecting the 
polyurethane elastic fiber nonwoven fabric before laminating the 
skin layer onto a treatment such as heat press, needle punching, 
rubbing or impregnation with an elastic polymer solution. 

The synthetic leather of the present invention can be 
produced, for example, by the following manner . First, a crested 
release paper is coated with an urethane resin solution for skin 
in a coating weight of about 50 to 200 g/m^ using a coater and 
the urethane resin solution is dried in a hot oven. Then, the 
skin layer is coated with an urethane adhesive solution in a 
coating weight of about 100 to 300 g/m' and, after sufficiently 
drying the solvent, a polyurethane elastic fiber nonwoven fabric 
fed by a pressure roller is laminated and nipped, thereby properly 
impregnating the polyurethane elastic fiber nonwoven fabric with 
the adhesive. The reactive adhesive is reacted by aging in the 
state, and then the release paper is removed and the resulting 
synthetic leather is taken up. In case the degree of the reaction 
of the adhesive is insufficient, the reaction is completed by 
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aging at 60 to lOOt: . it is preferred to select a material having 
good stretchability and excellent permeability as the skin layer 
and adhesive used in the present invention. 

The synthetic leather of the present invention has a 
three-layer structure composed of an urethane stretchable 
nonwoven fabric, an adhesive layer and a skin layer, and physical 
properties of a fiber layer as the base material greatly 
contribute to physical properties such as tensile elongation, 
elongation recovery and tear strength of the synthetic leather 
having such a structure . As a similar structure synthetic leather 
having stretchability, for example, a synthetic leather obtained 
by laminating a skin layer onto a nylon tricot having 
stretchability or a stretchable woven fabric as the base material 
is known. These synthetic leathers have large tensile strength 
and high tear strength, as a feature of a nylon filament product, 
but have drawbacks that the tensile elongation is small and the 
elongation recovery is drastically lowered. On the other hand, 
the synthetic leather of the present invention has excellent 
stretchability and large tear strength of not less than 2.5 gf 
per basis weight. 

The synthetic leather requires the tear strength of not less 
than 2.5 gf per basis weight and the reason lies in durability 
when applying the synthetic leather to uses . for example , shoes , 
sheets and furnitures. For example, when pinholes are formed, 
breakage easily enlarges from pinholes in case of a synthetic 
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leather having small tear strength, while the synthetic leather 
having a tear strength of not less than 2.5 gf. preferably not 
less than 3.0 gf, per basis weight does not present such a 
phenomenon that breakage enlarges from pinholes. 

The synthetic leather of the present invention has such a 
surprising performance wherein clear embossing, that could have 
never been performed in case of a conventional synthetic leather, 
can be carried out and a clear emboss thus formed does not disappear 
even if severe elongation recovery is repeated and. furthermore, 
the portion having a very small curvature can also be embossed 
and the embossed form is not impaired by a strong outer force. 
Such a surprising performance is deemed as a reflection of proper 
conformability capable of conforming to any form of the 
polyurethane elastic fiber nonwoven fabric of the present 
invention and excellent thermosetting properties of the hard 
segment moiety of a comparatively hard polyurethane. 

BEST MQDK FOR CARRYTMf: QTTT THK TNVENTTnM 

The following Examples further illustrate the present 
invention in detail, but the present invention is not limited by 
these Examples . 

(Example 1) 

A thermoplastic polyurethane having a Shore A hardness of 
95 and a Vicat softening temperature of 120t: was obtained by 
mixing polybutylene adipate (PBA) having a hydroxyl group at both 
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terminals (molecular weight: 2.000), 4 . 4 ' -diphenylmethane 
diisocyanate (MDI) and 1 . 4-butanediol (BD) in a weight ratio 
(PBA/MDI/BD) of 80/59/17.5 and melt -polymerizing the molten 
mixture by a one shot system using a twin-screw polymerizer. Then, 
the resulting thermoplastic polyurethane was dehydrated and dried 
in a nitrogen atmosphere at a drying temperature of lOOt^ for six 
hours using a hopper dryer manufactured by MATSUI MFG Co. . Ltd. 
The moisture content of the thermoplastic content was measured 
by the Karl Fischer method and. as a result, it was 100 ppm. The 
nitrogen content in the polymer was 4.22% by weight. 

Then, a polyurethane elastic fiber nonwoven fabric having 
a basis weight of 90 g/m^ was obtained by melting the thermoplastic 
polyurethane, feeding the molten thermoplastic polyurethane to 
a melt -blow equipment provided with nozzles having a pore diameter 
of 0.5 mm<f) arranged at intervals of 2 mm. extruding the molten 
thermoplastic polyurethane under the condition of 0.36 g/minute 
per nozzle hole, thinning and solidifying through a heating air 
blown off from both sides of the nozzles (236'C, 9.2 Nl/cm/minute ) 
to form filaments having a fiber diameter of about 20 U m, 
scattering the filaments over a moving conveyor net located at 
the position which is 20 cm away from the nozzles, and sucking 
at a suction amount (suction speed: 6 m/s) which is three times 
larger than that of the heating air by a suction apparatus arranged 
immediately under the conveyor net . The spinning temperature was 
234'C and the depositing point temperature of the filaments on 
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the conveyor net was 80X2 and. furthermore, a difference between 
the Vicat softening temperature of the polymer and the depositing 
point temperature was 40*0. The depositing point temperature of 
the filaments was measured by an infrared thermography "Neo Thermo 
TVS-610" manufactured by Nippon Avionics Co., Ltd. 
(Example 2) 

In the same manner as in Example 1. except that a 
thermoplastic polyurethane having a weight ratio (PBA/MDI/BD) of 
66/82/26.5. a Shore A hardness of 97 (Shore D hardness of 64) and 
a Vicat softening temperature of 125t: was used, a polyurethane 
elastic fiber nonwoven fabric having a basis weight of 90 g/m^ 
was obtained. The spinning temperature was 245 "C , the 
temperature of the heating air was 247*0, the heating air flow 
was 9.2 Nl/cm/minute. the depositing point temperature on the 
conveyor net was Sl^C . and a difference between the Vicat softening 
temperature of the polymer and the depositing point temperature 
was 4 4 "C . The nitrogen content in the polymer of the 
thermoplastic polyurethane used was 5.26% by weight. 

( Example 3 ) 

The thermoplastic polyurethane used in Example 1 was 
dehydrated and dried in a nitrogen atmosphere at a drying 
temperature of lOOt: for eight hours using the same hopper dryer 
as in Example 1, thereby to reduce the moisture content to 70 ppm, 
and then a polyurethane elastic fiber nonwoven fabric having a 
basis weight of 180 g/m^ was produced under the same conditions 
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as in Example 1 . The depositing point temperature on the conveyor 
net was 80 , and a difference between the Vicat softening 
temperature of the polymer and the depositing point temperature 
was 40^1) . 

( Example 4 ) 

The thermoplastic polyurethane used in Example 1 was 
dehydrated and dried in a nitrogen atmosphere at a drying 
temperature of lOOt: for four hours using the same hopper dryer 
as in Example 1. thereby to reduce the moisture content to 150 
ppm, and then a polyurethane elastic fiber nonwoven fabric having 
a basis weight of 180 g/m^ was produced under the same conditions 
as in Example 1 . The depositing point temperature on the conveyor 
net was 80 , and a difference between the Vicat softening 
temperature of the polymer and the depositing point temperature 
was 40*0. 

( Example 5 ) 

Under the same manufacturing conditions as in Example 3, 
except that the distance between the nozzle and the moving 
conveyor net was changed to 25 cm, a polyurethane elastic fiber 
nonwoven fabric having a basis weight of 150 g/m^ was produced. 
The depositing point temperature on the conveyor net was 85*0, 
and a difference between the Vicat softening temperature of the 
polymer and the depositing point temperature was 35X: . 

(Example 6) 

Under the same manufacturing conditions as in Example 3, 
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except that the distance between the nozzle and the moving 
conveyor net was changed to 30 cm. a polyure thane elastic fiber 
nonwoven fabric having a basis weight of 150 g/m' was produced. 
The depositing point temperature on the conveyor net was BOX: . 
and a difference between the Vlcat softening temperature of the 
pol3^er and the depositing point temperature was 40*0. 
(Example 7) 

Under the same manufacturing conditions as in Example 3, 
except that the distance between the nozzle and the moving 
conveyor net was changed to 35 cm. a polyure thane elastic fiber 
nonwoven fabric having a basis weight of 150 g/m' was produced. 
The depositing point temperature on the conveyor net was 78X: , 
and a difference between the Vlcat softening temperature of the 
polymer and the depositing point temperature was 42't;. 

(Example 8) 

A thermoplastic polyure thane having a Shore A hardness of 
98 (Shore D hardness of 70) and a Vlcat softening temperature of 
13 7t: was obtained by mixing polyhexamethylene carbonate dlol 
(PC) having a molecular weight of 2,000. 4 . 4 ' -dlphenylmethane 
diisocyanate (MDI) and 1 . 4-butanediol (BD) in a weight ratio 
(PC/MDI/BD) of 66/92/30 and polymerizing the molten mixture by 
a one shot system using a twin-screw polymerlzer. Then, the 
resulting thermoplastic polyurethane was dehydrated and dried in 
a nitrogen atmosphere at a drying temperature of lOOt: for ten 
hours using a hopper dryer manufactured by MATSUI MFG Co . , Ltd. 
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The moisture content of the thermoplastic content was measured 
by the Karl Fischer method and, as a result, it was 50 ppm. The 
nitrogen content in the polymer was 5.48% by weight. 

Then, a polyurethane elastic fiber nonwoven fabric having 
a basis weight of 250 g/m^ was obtained by melting the 
thermoplastic polyurethane. feeding the molten thermoplastic 
polyurethane to a melt -blow equipment provided with nozzles 
having a pore diameter of 0.5 mm (f) arranged at intervals of 2 mm. 
extruding the molten thermoplastic polyurethane under the 
condition of 0.45 g/minute per nozzle hole, thinning and 
solidifying through a heating air blown off from both sides of 
the nozzle (248-0, 9,2 Nl/cm/minute) to form filaments having a 
fiber diameter of about 20 Urn. scattering the filaments over a 
moving conveyor net located at the position which is 20 cm away 
from the nozzle. The spinning temperature was 24 7 1: and the 
depositing point temperature of the filaments on the conveyor net 
was 82 r and. furthermore, a difference between the Vicat 
softening temperature of the polymer and the depositing point 
temperature was 55*0. 

(Comparative Example 1) 

Under the same conditions as in Example 1 described in 
Japanese Unexamined Patent Publication 59-223347. a 
thermoplastic polyurethane having a Shore A hardness of 82 and 
a Vicat softening temperature of 9oX: was obtained by mixing 
polytetramethylene glycol (PTMG) having a hydroxyl value of 102. 
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MDI and l,4-bis( /3 -hydroxyethoxy) benzene (BHEB) in a weight ratio 
(PTMG/MDI/BHEB) of 5548/1953/499 and polymerizing the molten 
mixture by a kneader method. Then, the resulting thermoplastic 
polyurethane was dehydrated and dried until the moisture content 
is reduced to 100 ppm in the same manner as in Example 1. and then 
a polyurethane elastic fiber nonwoven fabric having a basis weight 
of 90 g/m^ was obtained by the same method as in Example 1. The 
spinning temperature was 215*0. the temperature of the heating 
air was 217^:. the heating air flow was 9.2 Nl/cm/minute. the 
depositing point temperature of the filaments on the conveyor net 
was 75 "C and, furthermore, a difference between the Vicat 
softening temperature of the polymer and the depositing point 
temperature was ISV . The nitrogen content in the polymer was 
2.73% by weight. 

(Comparative Example 2) 

Under the same conditions as in Example 1 described in 
Japanese Unexamined Patent Publication 6-293117, a thermoplastic 
polyurethane having a Shore A hardness of 88 and a Vicat softening 
temperature of 10 5*0 was obtained by mixing PBA having a hydroxyl 
value of 56, MDI and BD in a weight ratio (PBA/MDI/BD) of 
1160/660/179 and polymerizing the molten mixture by a kneader 
method. Then, the resulting thermoplastic polyurethane was 
dehydrated and dried until the moisture content is reduced to 100 
ppm in the same manner as in Example 1. and then a polyurethane 
elastic fiber nonwoven fabric having a basis weight of 90 g/m' 
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was obtained by the same method as in Example 1. The spinning 
temperature was 225X2 , the temperature of the heating air was 227*C . 
the heating air flow was 9 . 2 Nl/cm/minute , the depositing point 
temperature of the filaments on the conveyor net was 78t: and. 
furthermore , a difference between the Vicat softening temperature 
of the polymer and the depositing point temperature was 2lX, . The 
nitrogen content in the polymer was 3.69% by weight. 
(Comparative Example 3) 

The thermoplastic polyure thane used in Example 1 was 
dehydrated and dried in a nitrogen atmosphere at a drying 
temperature of loot: for 2.5 hours using a hopper dryer 
manufactured by MATSUI MFG Co., Ltd. to obtain a dry polymer, a 
moisture content of which measured by the Karl Fischer method is 
220 ppm. Using the dry polymer, a polyurethane elastic fiber 
nonwoven fabric having a basis weight of 180 g/m^ was produced 
under the same manufacturing conditions as in Example 1 , except 
that the spinning temperature and the heating air temperature were 
lowered by sX: . The depositing point temperature of the filaments 
on the conveyor net was 80 "C and, furthermore, a difference 
between the Vicat softening temperature of the polymer and the 
depositing point temperature was 40*0. 
(Comparative Example 4) 

The thermoplastic polyurethane used in Example 1 was 
dehydrated and dried in a nitrogen atmosphere at a drying 
temperature of 100 for two hours using a hopper dryer 
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manufactured by MATSUI MFG Co., Ltd. to obtain a dry polymer, a 
moisture content of which measured by the Karl Fischer method is 
350 ppm. using the dry polymer, a trial of melt-blow spinning 
was made in the same manner as in Example 1. However, yarn 
breakage occurred because of severe foaming of the molten polymer 
extruded through the nozzle, and thus a nonwoven fabric could not 
be produced - 

(Comparative Example 5) 

Under the same manufacturing conditions as in Example 3, 
except that the distance between the nozzle and the moving 
conveyor net was changed to 10 cm, a polyurethane elastic fiber 
nonwoven fabric having a basis weight of 150 g/m^ was produced. 
The depositing point temperature on the conveyor net was lOS^C , 
and a difference between the Vlcat softening temperature of the 
polymer and the depositing point temperature was 15*0 . 

(Comparative Example 6) 

Under the same manufacturing conditions as in Example 3, 
except that the distance between the nozzle and the moving 
conveyor net was changed to 15 cm, a polyurethane elastic fiber 
nonwoven fabric having a basis weight of 150 g/m^ was produced. 
The depositing point temperature on the conveyor net was 94t: , 
and a difference between the Vicat softening temperature of the 
polymer and the depositing point temperature was 2 6t:. 

With respect to the respective Examples and Comparative 
Examples described above, the tensile strength, the tensile 
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elongation, the tear strength, and the recovery at 50% elongation 
were measured. The results are shown in Table 1 and Table 2 . The 
Vicat softening temperature of the thermoplastic polyurethane . 
the Shore A hardness (Shore D hardness) of the thermoplastic 
polyurethane. the basis weight of the nonwoven fabric, the tensile 
strength and the tensile elongation of the nonwoven fabric, the 
recovery at 50% elongation of the nonwoven fabric, the tear 
strength of the nonwoven fabric, and the stiffness of the nonwoven 
fabric were measured by the methods described in JIS K 7206, JIS 
K 6301, JIS L 1096 6.4., JIS L 1096 6.12.1 B (width of sample: 
2 cm, distance between chucks: 5 cm. testing speed: 20 cm/minute) . 
JIS L 1096 6 . 13 . 1 A (width of sample : 2 cm. distance between chucks : 
5 cm. testing speed: 20 cm/minute, after first 50% elongation, 
the nonwoven fabric is recovered immediately without standing and 
then subjected to second 50% elongation without standing). JIS 
L 1085 5.5 A-1 (single tongue method), and JIS L 1096 6.19.1 A 
(45° cantilever method), respectively. 
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As Is apparent from Table 1, the polyurethane elastic fiber 
nonwoven fabrics of Examples 1 to 8 . which were produced by using 
a thermoplastic polyurethane having a Shore A hardness of not less 
than 92 and a moisture content of not more than 150 ppm under such 
conditions that a difference between the Vicat softening 
temperature of the thermoplastic polyurethane and the depositing 
point temperature on the conveyor net becomes 35*0 or higher, have 
a tensile elongation of not less than 100%. a tear strength per 
basis weight of not less than 5.5 gf and a recovery at 50% 
elongation of not less than 75%, and also have excellent 
stretchability and high tear strength. 

As is apparent from Table 2 , the polyTjrethane elastic fiber 
nonwoven fabrics of Comparative Examples 1 and 2, which were 
produced by using a thermoplastic polyurethane which has a 
moisture content of not more than 150 ppm but has a Shore A hardness 
of not more than 92 under such conditions that a difference between 
the Vicat softening temperature of the thermoplastic polyurethane 
and the depositing point temperature on the conveyor net becomes 
35 1; or lower, have excellent stretchability such as tensile 
elongation of not less than 400% and recovery at 50% elongation 
of not less than 90%, but could attain a tear strength of only 
about 3 to 4 gf per basis weight. 

Also as is apparent from Table 2, the polyurethane elastic 
fiber nonwoven fabric of Comparative Example 3 using a 
thermoplastic polyurethane which has a Shore A hardness of not 
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less than 92 but has a moisture content of not less than 150 ppm 
could not attain high tear strength of not less than 5 . 5 gf per 
basis weight even if it is produced under such conditions that 
a difference between the Vicat softening temperature of the 
thermoplastic polyurethane and the depositing point temperature 
on the conveyor net becomes 35 1: or higher. In Comparative 
Example 4 using a thermoplastic polyurethane having particularly 
high moisture content of 350 ppm, it becomes impossible to conduct 
melt -blow spinning. 

As shown in Table 2 . the polyurethane elastic fiber nonwoven 
fabrics of Comparative Examples 5 and 6 . which were produced under 
such conditions that a difference between the Vicat Softening 
temperature of the thermoplastic polyurethane and the depositing 
point temperature on the conveyor net becomes 35*0 or lower even 
in case of using a thermoplastic polyurethane having a shore A 
hardness of not less than 92 and a moisture content of not more 
than 150, could not attain high tear strength of not less than 
5.5 gf per basis weight. 

As is apparent from the above descriptions, it is a matter 
Of importance to use a thermoplastic polyurethane having a shore 
A hardness of not less than 92 and a moisture content of not more 
than 150 and to set the depositing point temperature of the 
filament during melt -blow spinning to the temperature which is 
35 t: lower than the Vicat softening temperature of the 
thermoplastic polyurethane in order to obtain a polyurethane 
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elastic fiber nonwoven fabric which has excellent stretchability 
such as tensile elongation of not less than 100% and recovery at 
50% elongation of not less than 75%, and also has high tear strength 
of not less than 5,5 gf per basis weight. 

Examples of the synthetic leather using the polyurethane 
elastic fiber nonwoven fabric of the present invention will now 
be described below. 

( Example 9 ) 

A synthetic leather was obtained by coating a skin layer 
for synthetic leather made of a dry urethane sheet having a 
thickness of 30 tlm. which was laminated onto a release paper, 
with an urethane adhesive comprising 100 parts by weight of C-4010 
(manufactured by DAINIPPON INK & CHEMICALS Co., Ltd.). 8 parts 
by weight of Coronate L (manufactured by NIPPON POLYURETHANE 
INDUSTRY CO.. LTD). 5 parts by weight of Accel S (manufactured 
by DAINIPPON INK & CHEMICALS Co.. Ltd.) and 40 parts by weight 
(20/20 parts by weight) of a solvent (methyl ethyl ketone/toluene ) 
in a coating weight of 85 g/m\ continuously drying the urethane 
adhesive at 80 to remove the solvent, laminating the 

polyurethane elastic fiber nonwoven fabric cloth of Example 1 as 
a base material layer, nipping by a pressure roller, thereby 
appropriately impregnating the nonwoven fabric with the adhesive, 
subjecting the nonwoven roller impregnated with the adhesive to 
a heat treatment at 60t: for 24 hours, and peeling off the release 
paper. Incidentally, physical properties of the skin layer for 
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synthetic leather used are shown in Table 3 

Table n 



Thickness [mm] 


0.03 


Basis weight [g/m^] 


22 


Tensile strength [gf/2 cm] 


L*l 


1000 


T*2 


540 


Tensile elongation [%] 


L 


230 


T 


140 


Tear strength [gf /basis weight] 


L 


3.2 


T 


2.7 


Recovery at 50% elongation [%] 


L 


91 


T 


91 



*1: direction of web formation, *2 : cross direction of web formation 
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(Exeunple 10) 

In the same manner as in Example 9. except that the 
polyurethane elastic fiber nonwoven fabric of Example 2 was used 
as the base material layer, a synthetic leather was produced. 

(Example 11) 

A synthetic leather was obtained by coating the skin layer 
for synthetic leather used in Example 9 with a reactive urethane 
adhesive comprising 100 parts by weight of UD-760 (manufactured 
by Dainichiseika Color & Chemicals Mfg. Co., Ltd.). 15 parts by 
weight of a crosslinking agent UD (manufactured by Dainichiseika 
Color & Chemicals Mfg. Co. . Ltd. ) , 10 parts by weight of a reaction 
accelerator UD-102 (manufactured by Dainichiseika Color & 
Chemicals Mfg. Co. . Ltd. ) and 50 parts by weight (25/25 parts by 
weight) of a solvent (N.N-dimethylf ormamide/methyl ethyl ketone) 
in a coating weight of 125 g/m^ continuously drying the urethane 
adhesive in the state where an inlet portion, a center portion 
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i fel 



i-r-1 



and an outlet portion of a continuous dryer are respectively set 
to 60t:, sot: and loot: to remove the solvent, laminating the 
polyurethane elastic fiber nonwoven fabric cloth of Example 8 as 
a base material layer in the state of being heated to lOOt: , taking 
up the resulting laminate in the form of a roll, reacting the 
reactive urethane adhesive while maintaining the roll at 60*C for 
24 hours, and peeling off the release paper. 
(Comparative Example 7) 

In the same manner as in Example 9. except that the 
polyurethane elastic fiber nonwoven fabric of Comparative Example 

1 was used as the base material layer, a synthetic leather was 
produced . 

(Comparative Example 8) 

In the same manner as in Example 9 , except that the 
polyurethane elastic fiber nonwoven fabric of Comparative Example 

2 was used as the base material layer, a synthetic leather was 
produced. 

(Comparative Example 9) 

In the same manner as in Example 9 . except that a half tricot 
obtained by knitting 6 -nylon yarns (40 deniers and 10 filaments) 
was used as the base material layer, a synthetic leather was 
produced. 

(Comparative Example 10) 

A nylon nonwoven fabric having high stretchability was 
obtained by subjecting webs made of nylon short fibers having 2 
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deniers to a needle punch treatment and a heat shrinkage treatment, 
and impregnating with a 18% urethane solution, followed by drying. 
The resulting nylon nonwoven fabric was sliced to the thickness 
of 0.8 mm. In the same manner as in Example 11, except that the 
sliced nonwoven fabric was used as the base material layer, a 
synthetic leather was produced. 

With respect to the synthetic leathers of the respective 
Examples and Comparative Examples described above, the basis 
weight, the tensile strength, the tensile elongation, the tear 
strength, and the recovery at 50% elongation were measured. The 
results are shown in Table 4. The thickness and basis weight of 
the synthetic leather, the basis weight of the synthetic leather, 
the tensile strength and the tensile elongation of the synthetic 
leather, the recovery at 50% elongation of the synthetic leather, 
and the tear strength of the synthetic leather were measured by 
the methods described in JIS K 6505, JIS K 6550, the same standard 
as in case of the nonwoven fabric, and JIS K 6550. respectively. 



35 



0) 

H 

td 

Eh 



B 
o 
o 



t-f 



(1) 

r-i 



0) 
H 



0) 

c 

<D 

>i 
U 
Q 



0) 



0) 

n 

Q 



<l> 

(d 
B 

(0 



0) <D 
-M (D 

M 'a 



0) 0) 

XX CO 

4-> 0) 

D (d 



O (D 

c > 




(d 



0) 0} 



<d 

•H 
H 
0) 

■M 

td 
B 

Pi 



u 

cd 
> 

i 

O 
C 



0) 

> 

•H 

03 M 
0) 0) 

-cJ (d 



O 
•H 

(d 

> 
O 

c 
o 
a 



(-4 (0 



o 



0) 
Pi 



•H 



(d 
-H 

<u d) 0) 
fd (d (d 



fN O 
(N 



a 

0) 



B 
O 

CO m 

0) ^ 

Eh 



o 

4-1 

(d 
O) 
G 

o 

H 

<D 

(U 
H 
•H 
CO 
C! 
0) 
Eh 



IT) 



x: 

Cn 
X3 -H 
(U 
cn > 
C 

0) CO 
U -H 
+J CO 

CO rd 

(d m 
0) Cn 

EH 



o r-, 



4-1 

(d c 
o 

0) (d 

> t7» 

o c 

O O 

0) H 



CO 
0) 

cd 4J 

O M 
•H 0) 
CO ft 

>i o 

x; M 



o 



td 



o 

0) 

o 
o 



o 



CO 
CO 

o 

M 
O 



O 

X3 



o 



o 

U 

'a 



36 



1 Comn. Examnlo in 1 


Drv urethane shftet 


0.03 


cs 


Urethane adhesive 


s 
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oc 


Nylon nonwoven fabric 


0.80 




0.92 


00 

ro 
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00 


OQ 
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g 
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ro 
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16.0 


12.6 


QO 

in 


o 

VO 


Comp. Example 9 


Dry urethane sheet 


0.03 


CM 
CM 


Urethane adhesive 


0.06 


ro 

VO 


Nylon half tricot 


0.34 
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0.43 
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Comp. Example 8 


Dry urethane sheet 


0.03 


<N 
CM 


Urethane adhesive 


0.06 


ro 

VO 


Urethane nonwoven 

fabric 
(Comp. Example 2) 


! 0.32 


o 


0.41 
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fH 
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Raw material 


Tnickness [mm] 


basis weight [q/m^l 


Raw material 
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CO 
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Thickness [mm] 




rH 
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0) 
> 

CO 
H 
CO 

(d 


Tensile strength 
[kgf/cm] 
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As is apparent from Table 4, the synthetic leathers of 
Examples 9. 10 and 11 using the polyurethane elastic fiber 
nonwoven fabrics (Examples 1, 2 and 8) of the present invention 
have excellent stretchability such as tensile elongation of not 
less than 100% and recovery at 50% elongation of not less than 
75%, and also have high tear strength of not less than 2 , 5 gf per 
basis weight. However, the synthetic leathers of Comparative 
Examples 7 and 8 using the polyurethane elastic fiber nonwoven 
fabrics of Comparative Examples 1 and 2 have excellent 
stretchability, but could not attain sufficient tensile strength 
and tear strength. 

The synthetic leather of Comparative Example 9 using a half 
tricot as the base material layer could attain high tensile 
strength and tear strength, as a feature of a nylon filament, but 
was a synthetic leather having poor stretchability such as low 
tensile elongation and drastically low elongation recovery. 
Furthermore, Comparative Example 10 using a nylon nonwoven fabric 
as the base material layer has a tensile elongation in a cross 
direction of web formation of 130% and could attain high tear 
strength, but was a synthetic leather having poor recovery at 50% 
elongation . 

Although a dry urethane sheet is used as the skin layer in 
the Examples described above, a foamed urethane sheet, a vinyl 
chloride sheet and a nylon elastomer sheet can also be used . Since 
the skin layer and the base material layer are preferably made 
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of the same material in view of recycling, a skin layer made of 
the urethane sheet is preferably used when using the polyurethane 
elastic fiber nonwoven fabric of the present invention as the base 
material layer. 

INDUSTRIAL APPT.Tr ABir.TTV 
The synthetic leather of the present invention lis fit for 
uses, for example, sports shoes used in tennis, golf, and track 
and field events by utilizing excellent stretchability and 
flexibility described above, and can also be fit for uses, for 
example, furnitures and sheet materials by making use of 
embossability and integral moldability. It can be said that the 
synthetic leather is also fit for uses, for example, clothes such 
as outerwear by making use of excellent draping quality, in 
addition to the flexibility and stretchability. 



